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Composite materials, made of graphitic carbon nitride / 
gadolinium and nitrogen co-doped titanium dioxide (g-
C3N4/Gd-N-TiO2), have been successfully prepared by a 
simple and reproducible in-situ synthetic method. Specific 
surface area, pore size, particle morphology, crystalline 10 
structure, energy band gap, and chemical bonding mode of 
the materials have been characterised by spectroscopic and 
electron microscopic means. Photoluminescence 
measurement and photocatalytic degradation of methyl blue 
(MB) test show that the composites exhibit much enhanced 15 
photocatalytic activity compared with either g-C3N4 or Gd-N-
TiO2, resulting in a high-rate MB degradation with apparent 
first-order rate constant of being 0.013 min-1, which is 10 and 
3.2 times of that of g-C3N4 and Gd-N-TiO2, respectively. Our 
experimental results indicate that nanoscale heterojunctions 20 
are formed in the composites, and these junctions have played 
a key role in the separation and transportation of photo-
generated electrons and holes, and hence the effective 
promotion of the photocatalytic activity.  
As a visible-light driven metal-free photocatalyst, g-C3N4 has 25 
attracted increasing attentions owing to its interesting graphite-
like structure and narrow bandgap (2.7 eV) [1, 2, 3]. Moreover, g-
C3N4 has a high thermal and chemical stability, environmental 
friendliness, easy preparation by low-cost raw material [4]. These 
properties have made g-C3N4 very promising in photocatalytic 30 
applications [5-7], such as in water splitting [7, 8], CO2 photo 
reduction [9, 10], organic contaminants purification [11], and 
catalytic organic synthesis [12]. However, photocatalytic 
efficiency of g-C3N4 is limited by the high recombination rate of 
photo-generated electron-hole pairs, poor light absorption 35 
behaviour and low surface area [12-15]. To this end, extensive 
efforts have been made to fabricate the material, which so far 
include noble metal deposition [16], doping with non-metal 
elements [3-5], and coupling with various guest semiconductors 
such as CdS, TiO2, DyVO4, Fe3O4, Ag2O, NiS, Ag3PO4, and 40 
ZnFe2O4 [6, 12-14, 17-26].  
Among the semiconductors, TiO2 has been proved to be the 
most ideal candidate because of its high photochemical stability, 
environmentally friendliness, non-toxicity, low synthetic cost, 
and suitable band-edge position matching that of g-C3N4 [27]. 45 
However, the large bandgap of pristine TiO2 (∼3.2 eV) makes the 
material weak in solar energy harvesting in visible light region, 
which accounts for ∼43% of the total solar energy, and thereby 
hinders its large-scale practical applications [28]. Great efforts 
including elements doping have therefore been paid to alter the 50 
intrinsic band structure of TiO2 in order to extend its light 
absorption into visible region [29-35]. 
Indeed, a series of past studies focused on this area especially 
to seek fabrication of g-C3N4 by TiO2 [36-40] and single element 
doped TiO2 [41-42]. Han et al synthesized g-C3N4 nanosheets 55 
hybridized by nitrogen doped TiO2 nanofibers using 
electrospinning process combined with a modified heat-etching 
method [41]. Partial decomposition of g-C3N4 releases N atoms 
which are eventually incorporated into TiO2 crystalline lattice, 
enhancing the visible light absorption. Dai et al prepared surface-60 
fluorinated TiO2 (F-TiO2) onto g-C3N4 nanosheets via a 
solvothermal method without any involvement of catalyst or 
template [42]. Wang et al developed a microwave-assisted 
synthetic approach to fabricate porous N-TiO2/g-C3N4 using 
H2TiO3 as reactant and NH3·H2O as N-doping source, and 65 
showed that N-TiO2/g-C3N4 composite with 40 wt% N-TiO2 has 
a high photocatalytic activity [20].  
We have previously demonstrated that Gd and N co-doped 
TiO2 (Gd-N-TiO2) displays much enhanced visible-light driven 
photocatalytic activity, compared with single element doped 70 
counterparts, for degradation of organic pollutants (in press). 
Here we report that Gd-N-TiO2 has been extended for use to 
fabricate g-C3N4, and we have successfully developed a method 
to synthesize g-C3N4/Gd-N-TiO2 composite by a viable in-situ 
approach with which the microstructure of TiO2 and loading of g-75 
C3N4 are readily tuneable. Moreover, we find that such a 
hybridised architecture is suitable for visible light harvesting 
because of the short diffusion distance in charge transportation 
and large contact areas for fast interfacial charge separation in 
photochemical reaction.  80 
g-C3N4 was prepared in this work by pyrolysis of 
dicyandiamide [3]. In a typical experiment, 6.0 g of 
dicyandiamide (99%) was heated at 550 °C in air for 4 h with a 
ramping rate of 2.3 °C/min, to yield a yellow solid product. g-
C3N4/Gd-N-TiO2 composite was prepared by first dissolving 85 
Gd(NO3)3, (NH2)2CO and cetyltrimethyl ammonium bromide 
(CTAB, as surfactant) in absolute ethanol, then TiCl4, 
(CH3CH3CHO)4Ti and g-C3N4, were introduced in the solution, 
followed by a series of treatments including stirring and 
sonication at room temperature, drying at 60 °C and calcination at 90 
380 ºC. By varying the dosage of g-C3N4 at 20, 50, and 70 mg, 
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we made three g-C3N4/Gd-N-TiO2 hybrids, which were labelled 
as 0.2, 0.5, and 0.7 CN/Gd-N-TiO2, respectively. Gd-N-TiO2 and 
pure TiO2 samples were also made by the same method.  
The as-prepared samples were fully characterized by 
spectroscopic and electron microscopic techniques including UV-5 
Vis spectroscopy, Fourier transform infrared spectroscopy 
(FTIR), powder X-ray diffraction (XRD), X-ray photoelectron 
spectroscopy (XPS), field emission scanning electron 
micrographs (FE-SEM), transmission electron micrographs 
(TEM), BET surface area and pore size distribution, 10 
photoluminescence (PL) spectroscopy, and thermo-gravimetric 
analysis (TGA). Catalytic methyl blue (MB) degradation rate was 
used to evaluate the photocatalytic performance of the 
synthesized samples. Detailed information of the synthetic 
processes and characterizations can be found in Supplemental 15 
Information (SI). 
 
Fig. 1. SEM images of Gd-N-TiO2 (a), g-C3N4 (b), and 0.5 CN/Gd-N-
TiO2 (c), and TEM image of 0.5 CN/Gd-N-TiO2 (d). The inset in (d) is the 
same TEM image of 0.5 CN/Gd-N-TiO2 at a high magnification. 20 
 
Particle sizes and surface morphologies of representative 
samples were examined by SEM (Fig. 1). It is seen from Fig. 1a 
that Gd-N-TiO2 is made up of aggregated nanoparticles (NPs) 
with uniform size of about 10 nm. As shown in Fig. 1b, the as-25 
prepared g-C3N4 exhibits an aggregated morphology of irregular 
nanosheets with smooth surfaces. However, these nanosheets 
become rougher after composited with Gd-N-TiO2 particles (Fig. 
1c). TEM image of 0.5 CN/Gd-N-TiO2 composite (Fig. 1d) shows 
that Gd-N-TiO2 nanoparticles are homogeneously dispersed with 30 
g-C3N4 and these two components appear to be stuck firmly with 
each other, which is consistent with the SEM result. In addition, 
HRTEM image (the inset in Fig. 1d) of 0.5 CN/Gd-N-TiO2 
clearly shows the phase interfaces between g-C3N4 and Gd-N-
TiO2 nanoparticles. The lattice spacing of 0.351 nm and 0.332 35 
conforms to (101) and (110) crystal planes of TiO2, respectively 
[43]. 
XRD results of g-C3N4, TiO2, Gd-N-TiO2, and g-C3N4/Gd-
N-TiO2 composite with different g-C3N4 loadings are shown in SI 
Fig. 1. It is concluded from the diffractions that the crystalline 40 
structure of anatase TiO2 and laminar g-C3N4 remained 
unchanged following the hybridization of Gd-N-TiO2 and g-
C3N4. TGA analysis was carried out from 25 to 900 °C at a 
heating rate of 10 °C min−1 in air. As can be seen in SI Fig. 2 that 
all the g-C3N4/Gd-N-TiO2 hybrids lost their weight rapidly in the 45 
temperature range of 500-610 °C due to thermal decomposition 
of g-C3N4. The overall contents of g-C3N4 could be estimated by 
TGA as 6.9, 8.6, and 11.7 wt% for samples 0.2 CN/Gd-N-TiO2, 
0.5 CN/Gd-N-TiO2, and 0.7 CN/Gd-N-TiO2, respectively. 
 50 
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Fig. 2. XPS survey spectrum (a); High resolution XPS spectra of C 1s (b), 
N 1s (c), Ti 2p (d), and Gd 4d (e). 
 5 
Nitrogen (N2) adsorption-desorption isotherms and pore size 
distributions of g-C3N4, Gd-N-TiO2 and 0.5 CN/Gd-N-TiO2 
hybrids were obtained by BET surface area test, the results were 
shown in SI Fig. 3. It is seen that 0.5 CN/Gd-N-TiO2 composite 
exhibits characteristic type IV sorption isotherms with a type H3 10 
hysteresis loop according to IUPAC classification (SI Fig. 3a), 
demonstrating the presence of a porous texture [44]. The pore 
sizes of Gd-N-TiO2 and 0.5 CN/Gd-N-TiO2 hybrids exhibit a 
distribution, ranging from 4-16 nm and 4-12 nm, respectively (SI 
Fig 3b). The surface areas and average pore sizes are given in 15 
Table 1. It can be seen from the table that CN/Gd-N-TiO2 
composites have larger surface areas and pore sizes than those of 
g-C3N4 and Gd-N-TiO2, which is beneficial in providing larger 
areas for light harvesting and more surface-active sites for 
photocatalytic reactions [45].  20 
 
Table 1 Specific surface area (SBET), pore size, and band gap of 
the synthesized samples. 
Samples SBET (m
2 g‒1) Pore size (nm) Band gap (eV) 
g-C3N4 50 - 2.70 
Gd-N-TiO2 137.5 8.3 2.92 
0.5 CN/TiO2 97.2 6.9 2.56 
0.2 CN/Gd-N-TiO2 138.9 10.8 2.45 
0.5 CN/Gd-N-TiO2 145.8 11 2.39 
0.7 CN/Gd-N-TiO2 147.2 11.6 2.52 
 
To analyse the surface chemical composition and chemical 25 
status of the elements, XPS analysis was carried out for the as-
prepared samples. Fig. 2a shows XPS survey spectra of g-C3N4, 
Gd-N-TiO2, and hybrid group g-C3N4/Gd-N-TiO2, which clearly 
indicate all the elements in the samples - C, N, Ti, O, and Gd. 
Fig. 2b-2e show high-resolution XPS spectra of the elements: C 30 
1s, N 1s, Ti 2p, O 1s, and Gd 4d. It is seen from Fig. 2b that there 
are three C 1s peaks located at 284, 287, and 292.5eV for g-C3N4 
and 0.5 CN-Gd-N-TiO2, which can be attributed to C-C and/or 
adventitious carbon, sp3-bonded C of N-C-N2, and C of C-NH2, 
respectively [46] The N 1s high-resolution spectra are presented 35 
in Fig. 2c. The spectrum of g-C3N4 and 0.5 CN-Gd-N-TiO2 can 
be deconvoluted into four peaks, which are assigned to sp2-
hybridized nitrogen (C-N=C) at 398.1 eV, tertiary nitrogen (N-
C3) groups at 398.8 eV and 404.8 eV, and substitution doping 
nitrogen (N–Ti–O) at 401.8 eV, respectively, indicating the 40 
presence of sp2-bonded graphitic carbon nitride (g-C3N4) [7, 40]. 
There are two peaks obtained at 401.8 and 399.9 eV for Gd-N-
TiO2, which suggest two coexisting chemical states of the N in 
doped TiO2 - substitution doping (N–Ti–O) and interstitial doping 
(Ti–O–N) [47].  45 
Fig. 3. UV-Vis spectra of g-C3N4, TiO2, Gd-N-TiO2, and g-C3N4/Gd-N-
TiO2 composites with different TiO2 and g-C3N4 ratios. 
 
As shown in Fig. 2d, the binding energies of Ti 2p3/2 and Ti 
2p1/2 in Gd-N co-doped TiO2 are centred at 458.03 eV and 463.98 50 
eV. However, compared with these data, it was observed that 
there were negative shifts of Ti 2p peaks toward lower binding 
energy in the composite g-C3N4/Gd-N-TiO2. The negative shifts 
are believed to be the consequence of the electronegativity effect 
due to the electronic interactions between Ti and N atoms as 55 
supported by the peak of O-Ti-N, which is ascribed to an 
increased electron density on Ti and enhanced partial electron 
transformation to Ti [20]. The Gd 4d XPS spectra of Gd-N-TiO2 
and g-C3N4/Gd-N-TiO2 are presented in Fig. 2e. The Gd 4d5/2 
peak at 142.3 eV and Gd 4d3/2 peak at 148 eV correspond to +3 60 
oxidation states of the element [48], indicating the presence of 
Gd3+ and the possible formation of Ti-O-Gd linkage [49, 50]. 
Gd3+ has larger ionic radius than that of Ti4+, it would be difficult 
for Gd to be incorporated into the lattice of TiO2. However, the 
Gd3+ in Gd2O3 could be replaced by Ti
4+ to form Ti-O-Gd bonds 65 
[51].  
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UV-Vis absorption spectra of g-C3N4, TiO2, Gd-N-TiO2, and 
g-C3N4/Gd-N-TiO2 composites are shown in Fig. 3. The 
fundamental absorption edge of pristine TiO2 appears at 375 nm. 
The Gd and N co-doping help to shift this edge towards visible 
light region, whereas pure g-C3N4 only has a good absorption of 5 
light with wavelengths less than 450 nm. Compared with g-C3N4 
and Gd-N-TiO2, better visible-light absorptions are observed 
from g-C3N4/Gd-N-TiO2 composites in terms of the absorption 
shift towards visible region. Absorption intensity of g-C3N4/Gd-
N-TiO2 initially increases with the increase of g-C3N4 content. 10 
The biggest red shift towards absorption edge of ~550 nm was 
found from the sample 0.5 CN/Gd-N-TiO2. However, further 
increase in g-C3N4 component in the composite led to decrease of 
the absorption intensity. Direct band gap Eg of a semiconductor 
can be calculated by the following equation:  15 
ℎ ⁄ = ℎ −                                     (1) 
Where hν is the photon energy (h is Planck’s constant), α 
represents the absorption coefficient, A is a constant. The 
interception of the tangent to the X axis would give a good 
approximation of Eg (inset in Fig. 3). The band gaps of as-20 
prepared Gd-N-TiO2 and 0.5 CN/Gd-N-TiO2 are thereby 
estimated to be 2.92eV and 2.39 eV, respectively. 
FTIR spectra of g-C3N4, Gd-N-TiO2, and 0.5 CN/Gd-N-TiO2 
are shown in SI Fig. 4. For pure g-C3N4, the peak at 1639 cm
−1 is 
associated with C-N stretching mode, while those at 1238, 1317, 25 
1406, and 1570 cm−1 are assigned to C-N heterocycle stretching 
of g-C3N4 [13, 18]. The peak at 808 cm
−1 can be attributed to the 
characteristic breathing mode of tri-s-triazine units [2, 52]. The 
broad and pronounced peaks at 3149 cm−1 and 3400 cm−1 are 
indicative of N–H and O–H stretching vibrations, corresponding 30 
to residual amino groups attached to sp2 hybridized carbons and 
adsorbed H2O molecules on the sample surface, respectively [53]. 
However, these IR absorption characteristics are either shifted or 
become ambiguous in the hybrid. This result, together with those 
from XRD, SEM, XPS, and TEM studies, clearly indicates the 35 
formation of g-C3N4/Gd-N-TiO2 composite which is not a 
physical mixture of two separate phases of g-C3N4 and Gd-N-
TiO2 but they are chemically bound together to form nanoscale 
heterojunctions between crystalline grains. 
 40 
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Fig. 4. (a) Photocatalytic degradation of MB under visible-light 45 
irradiation by different photocatalysts; (b) UV-Vis absorption spectra of 
aqueous solution of MB at different irradiation time in the presence of 0.5 
CN/Gd-N-TiO2 catalyst; (c) The apparent pseudo-first-order rate constant 
k for different catalysts; and (d) Re-usability test for photocatalytic 
degradation of MB by 0.5 CN/Gd-N-TiO2. 50 
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Fig. 5. (a) Photoluminescence spectra of g-C3N4, 0.5 CN/Gd-N-TiO2, and 5 
Gd-N-TiO2 under 325 nm excitation at room temperature; (b) Schematic 
illustration of electron-hole separation and transport at crystalline 
heterojunctions between g-C3N4 and Gd-N-TiO2 in the composite g-
C3N4/Gd-N-TiO2. 
 10 
Photocatalytic activity of the as-prepared g-C3N4, Gd-N-
TiO2, and g-C3N4/Gd-N-TiO2 composites was evaluated by 
photo-induced degradation of MB dye under visible-light 
irradiation (Fig. 4). As shown in Fig. 4a, the as-prepared 
composites exhibited much higher photocatalytic activity than 15 
that of either commercial P25 TiO2, pure g-C3N4 or Gd-N-TiO2. 
The photocatalytic activity firstly increased and then decreased 
with the increase of g-C3N4 content from 20mg to 70mg. 
Maximum photodegradation rate of MB was observed when g-
C3N4 content was 50 mg, which was consistent with the result of 20 
UV-Vis absorption. In the photocatalytic reaction, about ∼98% of 
MB could be removed after 180 min in the presence of 0.5 
CN/Gd-N-TiO2, which was clearly shown in Fig. 4b. Fig. 4c 
shows a comparison of apparent reaction rate constant for P25, g-
C3N4, Gd-N-TiO2, and three composites of g-C3N4/Gd-N-TiO2 25 
with different g-C3N4 loadings. The data were obtained from 
corresponding first-order kinetic plots using ln(C/C0) = - kt, 
where k is apparent rate constant, C is the concentration of MB. 
The comparison shown in Fig. 4c clearly indicates that 0.5 
CN/Gd-N-TiO2 has the highest degradation rate constant of 0.013 30 
min-1, which is 10 and 3.2 times higher than that of g-C3N4 and 
Gd-N-TiO2. In addition, four successive photocatalytic 
experiments, where the photocatalyst was centrifuged and washed 
after each testing cycle, indicated that the photocatalytic 
efficiency of 0.5 CN/Gd-N-TiO2 remained almost unchanged in 35 
the cycles (Fig. 4d). It is therefore concluded that the as-prepared 
0.5 CN/Gd-N-TiO2 photocatalyst exhibits excellent stability and 
reusability, a property that is very demanded for practical 
applications.  
To well understand the photocatalytic mechanism, PL 40 
analysis was applied to probe migration, transfer, and 
recombination of photo-induced electron-hole pairs in the 
samples. Fig. 5a shows PL spectra of g-C3N4, 0.5 CN/Gd-N-TiO2, 
and Gd-N-TiO2 with an excitation wavelength of 325 nm at room 
temperature. The large emission peak centred at 460 nm was 45 
from pure g-C3N4, which could be attributed to the band gap 
electron-hole pair recombination. In contrast, there was no any 
emission that could be observed from 0.5 CN/Gd-N-TiO2, 
indicating that efficient charge transfers occurred within the 
hybrid presumably because of the heterojunction effect. As the 50 
emission intensity of PL peaks is related to the recombination of 
electron-hole pairs, our PL result suggests a possible mechanism 
and importance of heterojunctions in hindering the recombination 
of electrons and holes, as a consequence of this heterojunction 
effect, the effective promotion of electron transfers at interfaces 55 
of different phases.  
Based on all above experimental results, here we would like 
to propose the following detailed photocatalytic mechanism to 
explain the observed high photocatalytic activity of g-C3N4/Gd-
N-TiO2 composite (Fig. 5b). Because both components of g-C3N4 60 
and Gd-N-TiO2 can well response to visible light, when 
composite g-C3N4/Gd-N-TiO2 was irradiated by visible light, g-
C3N4 and Gd-N-TiO2 will simultaneously create electron-holes 
pairs [2, 20]. These electrons could be transported from 
conduction band (CB) of g-C3N4 to that of Gd-N-TiO2 via phase 65 
heterojunctions, as the CB level of Gd-N-TiO2 is lower than that 
of g-C3N4. On the other hand, the holes in the valence band (VB) 
of TiO2 could be transferred to that of g-C3N4, leading to the 
formation of spatially separated electron-hole pairs [42]. The 
holes at the g-C3N4 (VB) could not react with H2O to form ·OH 70 
because of the low VB edge potential, but they were able to 
degrade MB directly to H2O and CO2 [43]. The electrons in Gd-
N-TiO2 were good reductants that could captured by O2 and 
reduce it to O2
·−, while the holes at the VB of Gd-N-TiO2 would 
cause the formation of ·OH. O2
·− were the main factor for 75 
degrading organic molecules under visible-light irradiation 
according to active species trapping experiments for 
photogenerated holes and radicals. The photocatalytic process 
may be described as follows: 
g − CN + hv → g − CNh + e 
Gd-N-TiO + hv → Gd-N-TiOh + e 
e + O →∙ Omain 
h + HO →∙ OH 
O∙main/∙ OH/h +MB → degradation	pruducts 
 80 
In summary, we have developed a method to synthesize 
composite materials composed of g-C3N4 and Gd-N-TiO2 using 
an in-situ, eco-friendly and scalable approach. The synthetic 
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process does not require high pressure or large energy 
consumption. Moreover, we have fully characterized the 
composites and their component materials and systematically 
investigated their photocatalytic properties. Compared with g-
C3N4 or Gd-N-TiO2, the composites g-C3N4/Gd-N-TiO2 exhibit 5 
significantly enhanced photocatalytic activity in the visible light 
region. This enhancement has been attributed to two main factors: 
the fast transfer and separation of photo-generated electrons and 
holes via nanoscale heterojunctions at component crystalline 
grain interfaces, and the well matched energy levels between Gd-10 
N-TiO2 and g-C3N4. To the best of our knowledge, the 
development of such photoactive composites is the first example 
of its type with exceedingly high photocatalytic activity as 
evaluated by photo-induced degradation of methyl blue in 
solution phase. Our results suggest that the composites have a 15 
great potential in photocatalysis related applications, such as in 
the removal of organic pollutants from wastewater, owing to their 
high photocatalytic activity on the one hand, and easy and low-
cost production of materials, on the other.    
 20 
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1. Synthesis of the series g-C3N4/Gd-N-TiO2 composites 
1.1 Materials 
Dicyandiamide (C2H4N4) was purchased from Beijing J & K 
Technology Co. Titanium (IV) isopropoxide (97%) was obtained 
from Aldrich Chemical Co., Inc. Gadolinium nitrate (Gd(NO3)3), 20 
Titanium tetrachloride (TiCl4), Cetyltrimethyl ammonium 
bromide (CTAB) were purchased from Sinopharm Chemical 
Reagent Co.. P25 TiO2 was obtained from Degussa Company. All 
reagents were of analytical grade and used without further 
purification. 25 
 
1.2 Synthesis of g-C3N4 
g-C3N4 was prepared according to a reported procedure [3]. 
In a typical experiment, 6.0 g of dicyandiamide (99%) was placed 
in Al2O3 ceramic crucible (100 × 40 × 20 mm) and covered by an 30 
aluminum foil. The material was then heated at 550 °C in air for 4 
h with a ramping rate of 2.3 °C/min. The resultant yellow solid 
was g-C3N4. 
 
1.3 Synthesis of the series g-C3N4/Gd-N-TiO2 composite 35 
nanomaterials 
1 g CTAB, given amount Gd(NO3)3, and (NH2)2CO were 
dissolved in 20 mL absolute ethanol with vigorous stirring for 2 h 
at room temperature. Then 0.44 mL TiCl4 and 2.1 mL 
(CH3CH3CHO)4Ti were added under sufficient agitation 40 
condition, which was followed by the addition of a certain 
amount of g-C3N4 into the dispersion. The mixture was stirred in 
a fume hood for 3 h and sonicated for 30 min to completely 
disperse the g-C3N4. Then the mixture was dried at 60 
oC for 8 h 
followed by calcination at 380 oC in air for 5 h to remove the 45 
organic templates. The powder products were collected and 
grounded thoroughly. By varying the dosage of g-C3N4 at 20, 50, 
and 70 mg, a series of g-C3N4/ Gd-N-TiO2 hybrids were obtained; 
these were labeled as 0.2, 0.5, and 0.7 CN/Gd-N-TiO2, 
respectively. Gd-N-TiO2 and pure TiO2 samples were also 50 
synthesized by the same method. 
 
2. Characterization 
2.1 Spectroscopic and electron microscopic characterization 
Field emission scanning electron micrographs (FE-SEM) 55 
were obtained with a microscope (Hitachi s-4800) at an 
accelerating voltage of 10 kV. X-ray diffraction (XRD) patterns 
were collected by an XD-3 X-ray diffractometer (Cu Kα radiation, 
λ=1.5406 Å). N2 sorption measurement was performed using 
specific surface area and pore size analyzer (JW-BK112, Beijing 60 
JWGB Sci. & Tech. Co. Ltd.) and the samples were vacuum-
degassed for 3 h at 300 °C to reduce the moisture before any 
measurement. Transmission electron microscopic (TEM) images 
were obtained on a JEOL JEM-2100 electron microscope 
operated at 200 kV. X-ray photoelectron spectroscopy (XPS) 65 
measurements were done on an ESCALAB 250 Xi XPS 
instrument with Mg Kα source. The UV-Vis diffuse reflectance 
spectra of solid powder materials were measured on a Perkin 
Elmer Lambda 950 UV-Vis spectrophotometer (made in USA) 
equipped with an integrating sphere attachment (BaSO4 as the 70 
reference). Thermo-gravimetric analysis (TGA) was conducted 
on a Perkin-Elmer TG/DTA thermo-gravimetric analyzer by 
heating from 20 to 900 ℃ at a rate of 10 ℃ min‒1 in air. 
Photoluminescence (PL) spectroscopy was measured on Jobin 
Yvon Fluorolog3-21 fluorescence spectrometer at room 75 
temperature with excitation at 325 nm.  
 
2.2 Photocatalytic tests 
Photocatalytic tests were conducted using a photochemical 
reaction quartz cell purchased from Yan Zheng Shanghai 80 
Experimental Instrument Co. & Ltd. Catalytic MB degradation 
rate was used to evaluate the photocatalytic performance of the 
synthesized samples. The quartz reactor was loaded with 0.08 g 
catalysts, 200 mL MB aqueous solution with a concentration of 
10 mg/L, and a 350 W Xe lamp light source (PLS-SXE300, 85 
Shanghai Bilang Plant, China) with an optical filter, λ > 420 nm. 
A cooling water circulator was applied to keep reaction 
temperature constant. The suspension was stirred vigorously in 
dark for 30 min to achieve adsorption-desorption equilibrium 
between the catalysts and the MB. After adsorption equilibrium, 90 
the concentration of suspensions was noted as the initial 
concentration and the Xe lamp was turned on to initiate the 
photocatalytic reaction. At regular interval, about 5 mL of the 
suspensions was taken out of the reactor and centrifuged at 9000 
rpm to obtain a supernatant solution. The solution-phase samples 95 
were then analysed by a UV-Vis spectrophotometer (JASCO V-
750, Japan) at its characteristic wavelength to determine the 
degradation yield. The rate of photocatalytic MB/phenol 
degradations was obtained by recording the changes in 
absorbance of the reaction solution.  100 
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3. Supplemental figures 
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SI Fig. 1. XRD patterns of g-C3N4, TiO2, Gd-N-TiO2, and the composites 
of g-C3N4/Gd-N-TiO2 with different TiO2 and g-C3N4 ratios. 
SI Fig. 2. TGA curves of TiO2, g-C3N4, and as-prepared g-C3N4/Gd-N-
TiO2 composites with different TiO2 and g-C3N4 ratios. 
SI Fig. 3. (a) N2 sorption isotherm curve and (b) pore size distribution 15 
curve of g-C3N4, Gd-N-TiO2 and 0.5 CN/Gd-N-TiO2. 
 
SI Fig. 4. FTIR spectra of g-C3N4, Gd-N-TiO2, and 0.5 CN/Gd-N-TiO2. 
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